Children with focal epilepsy are at increased risk of language impairment, yet the neural substrate of this dysfunction is not yet known. Using functional magnetic resonance imaging we investigated the impact of focal epilepsy on the developing language system using measures of network topology (spatial organization of activation) and synchrony (functional connectivity). We studied healthy children (n = 48, 4-12 years, 24 females) and children with focal epilepsy (n = 21, 5-12 years, nine females) with left hemisphere language dominance. Participants performed an age-adjusted auditory description decision task during functional magnetic resonance imaging, to identify perisylvian language regions. Mean signal change was extracted from eight left perisylvian regions of interest and compared between groups. Paired region of interest functional connectivity analysis was performed on time course data from the same regions, to investigate left network synchrony. Two principal component analyses were performed to extract (i) patterns of activation (using mean signal change data); and (ii) patterns of synchronized regions (using functional connectivity data). For both principal component analyses two components (networks) were extracted, which mapped onto the functional anatomy of dorsal and ventral language systems. Associations among network variables, age, epilepsy-related factors and verbal ability were assessed. Activated networks were affected by age and epilepsy [F(2,60) = 3.74, P = 0.03]: post hoc analyses showed, for healthy children, activation in both ventral and dorsal networks decreased with age (P = 0.02). Regardless of age and task performance, children with epilepsy showed reduced activation of the ventral network (P = 0.001). They also showed a trend for increased activation of the dorsal network (P = 0.08) associated with improved task performance (r = 0.62, P = 0.008). Crucially, decreased activation of the ventral network in patients predicted poorer language outcome (r = 0.47, P = 0.002). This suggests childhood onset epilepsy preferentially alters maturation of the ventral language system, and this is related to poorer language ability. Hum Brain Mapp 2014;35:5996-6010.
Children with focal epilepsy are at increased risk of language impairment, yet the neural substrate of this dysfunction is not yet known. Using functional magnetic resonance imaging we investigated the impact of focal epilepsy on the developing language system using measures of network topology (spatial organization of activation) and synchrony (functional connectivity). We studied healthy children (n = 48, 4-12 years, 24 females) and children with focal epilepsy (n = 21, 5-12 years, nine females) with left hemisphere language dominance. Participants performed an age-adjusted auditory description decision task during functional magnetic resonance imaging, to identify perisylvian language regions. Mean signal change was extracted from eight left perisylvian regions of interest and compared between groups. Paired region of interest functional connectivity analysis was performed on time course data from the same regions, to investigate left network synchrony. Two principal component analyses were performed to extract (i) patterns of activation (using mean signal change data); and (ii) patterns of synchronized regions (using functional connectivity data). For both principal component analyses two components (networks) were extracted, which mapped onto the functional anatomy of dorsal and ventral language systems. Associations among network variables, age, epilepsy-related factors and verbal ability were assessed. Activated networks were affected by age and epilepsy [F(2,60) = 3.74, P = 0.03]: post hoc analyses showed, for healthy children, activation in both ventral and dorsal networks decreased with age (P = 0.02). Regardless of age and task performance, children with epilepsy showed reduced activation of the ventral network (P = 0.001). They also showed a trend for increased activation of the dorsal network (P = 0.08) associated with improved task performance (r = 0.62, P = 0.008). Crucially, decreased activation of the ventral network in patients predicted poorer language outcome (r = 0.47, P = 0.002). This suggests childhood onset epilepsy preferentially alters maturation of the ventral language system, and this is related to poorer language ability. This study introduces a new approach for assessing the effects of pediatric epilepsy on a language connectome. Two novel data-driven network construction approaches are presented. These methods rely on connecting different brain regions using either extent or intensity of language related activations as identified by independent component analysis of fMRI. An auditory word definition decision task paradigm was used to activate the language network for 29 patients and 30 controls. Evaluations illustrated that pediatric epilepsy is associated with a network efficiency reduction. Patients showed a propensity to inefficiently use the whole brain network to perform the language task; whereas, controls seemed to efficiently use smaller segregated network components to achieve the same task. To explain the causes of the decreased efficiency, graph theoretical analysis was performed. The analysis revealed substantial global network feature differences between the patients and controls for the extent of activation network. It also showed that for both subject groups the language network exhibited small-world characteristics; however, the patient's extent of activation network showed a tendency toward randomness. It was also shown that the intensity of activation network displayed ipsilateral hub reorganization on the local level. We finally showed that a clustering scheme was able to fairly separate the subjects into their respective patient or control groups. The clustering was initiated using local and global nodal measurements. Compared to the intensity of activation network, the extent of activation network clustering demonstrated better precision. This ascertained that the network differences presented by the networks were associated with pediatric epilepsy.
The Effects of Pediatric Epilepsy on a Language Connectome.

Why We Need to Listen to Kids with Epilepsy
Commentary
The study by Croft et al. demonstrates that functional abnormalities are involved in the language impairment of 5-to 12-year-old children with left focal epilepsy and left language lateralization. Compared to a healthy control group, cortical activation of the early developing ventral language network-Broca's area 45, and anterior temporal lobe, middle and posterior temporal gyri-was atypical in the children with epilepsy, particularly those with poor language skills, during an age-modified Auditory Description Decision Task. During this task, the older children with epilepsy (but not the older control subjects) showed performance-related increased activation in a dorsal language network (inferior frontal gyrus: Broca's areas 44 and 47, inferior parietal angular gyrus, and supramarginal gyrus). More than half the children with epilepsy had poor seizure control.
The study by Eddin et al. provides evidence for reduced efficiency of the language connectome in terms of extent of activation and for randomness and less segregated local intensity of activation when children and adolescents (ages 9.5 to 18.5 years, with intractable focal epilepsy, and surgical candidates) performed this auditory task compared to a normal control group. The lack of an association with seizure variables in these two cross-sectional studies implies that the neuropathology underlying epilepsy impacts the development and maturation of language networks and skills in these children.
Impaired language skill is also found in some (but not all) children and adolescents with average intelligence who have "epilepsy only" and are not surgical candidates. Unrelated to seizure variables, those with linguistic deficits have volumetric abnormalities with significantly smaller anterior superior temporal gyrus gray matter volumes than do healthy control subjects (1) . However, children with epilepsy and average language skills show different associations between overall language skill score and gray matter volumes in languagerelated brain regions compared to healthy control subjects (1). These findings imply structural reorganization of the brain in regions that subserve normal language function in children with epilepsy whose language skills are in the normal range. Similar findings in fMRI studies suggest that successful performance of language tasks in children with epilepsy in the average range involves reorganization and compensatory activation. Children with Rolandic epilepsy, a "benign" seizure disorder, have abnormal lateralization during tasks requiring silent reading of words and generation of simple sentences (2). Children with focal epilepsy with frontal and temporal involvement also showed abnormal lateralization of activation while successfully making sense of the logic and topic maintenance of a question-answer dialog between two people (3). The lack of a relationship with seizure variables in these structural and functional studies further also suggests a role for the underlying neuropathology of epilepsy.
However, cross-sectional and prospective studies of language skills in children with new onset (4, 5) and chronic epilepsy (6) with average intelligence demonstrate a relationship between ongoing seizures and both basic and higherlevel linguistic deficits, as well as language-based academic problems in reading, writing, and spelling (literacy). In addition, psychosocial variables-including parent anxiety (7) and unsupportiveness/disorganization (4)-predict some of these language-based academic problems in children with epilepsy. These psychosocial variables, together with the heritability of language skill (8) and brain structure (9) (10) (11) in typically developing children and of speech-sound disorder in Rolandic epilepsy (12) , underscore the complex nature of the factors involved in the language difficulties of children with epilepsy. Therefore, large-scale longitudinal studies are needed to determine how linguistic deficits evolve over time in children with epilepsy and the role played by seizure and psychosocial variables, as well as the heritability of the structure and function of language regions and related language skills/deficits.
Aside from the theoretical importance of the aforementioned studies on language and brain structure and function, the findings of the studies by Croft et al. and Eddin et al. have several clinical implications: The ventral language network develops early, during infancy (13) , and plays an important role primarily in the development of receptive language skills. Although the dorsal network is present in infancy (13) , it matures during late childhood and adolescence and is responsible for top-down control on language skills (14) . Traditionally, use of words and two-to three-word sentences (expressive language skills) serve as clinical guides for timely development of language in toddlers. Clinicians usually rely on parents' observations regarding how well toddlers and young children are doing in terms of their receptive language skills rather than on formal testing of language comprehension. Vulnerability of the ventral network in epilepsy and its early development should alert clinicians to the need for formal testing of receptive language skills in children with epilepsy even when speech is present.
Language is central to children's functioning and influences their behavior, emotional control, social skills, cognition, and school performance, particularly literacy. The epilepsy community is attuned to the need for speech and language therapy in children with early onset epilepsy and developmental delay or autism spectrum disorder. Nonetheless, the importance of language in children's academic and social functioning increases exponentially from early childhood through adolescence. Long-term outcome studies of children without epilepsy who have poor language skills report prevalent psychiatric diagnoses, substance abuse, school dropout during adolescence, as well as unemployment and psychopathology in adulthood (15, 16) . These outcomes are similar to those reported in some prospective studies of childhood onset epilepsy.
Therefore, early diagnosis and treatment of language problems might mitigate the poor outcomes described in some epilepsy patients. Language and the related brain regions and networks develop from infancy through adolescence (11) during which refinement occurs of higher linguistic skills that is so necessary for competent communication and literacy. Onset of epilepsy from early childhood through adolescence might impact ongoing maturation of these skills, whether through the underlying neuropathology, the effects of seizures, or both these variables. Given the central role language plays in all aspects of functioning, it is incumbent on epilepsy professionals to ensure screening and, where indicated, comprehensive language testing in children and adolescents with epilepsy. Furthermore, the psychiatric diagnoses found in children and adolescents with poor language skills emphasize the need for psychiatric screening of youth with epilepsy who have poor language skills. Finally, children face increased language demands with age, when indicated speech and language intervention should be long-term rather than short-term.
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